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BIPOLAR TRANSISTOR AND METHOD OF 
FABRICATING THE SAME 

This application is a §371 application of PCT/IB2006/ 
050107 ?led on J an. 12, 2006, Which in turns claims priority 
from European applications, EP05100274.9, ?led on Jan. 18, 
2005 and EP05103967.5 ?led on May 12, 2005. 

The invention relates to a bipolar transistor and a method of 
fabricating the same. 

In WO 03/100845 a method for fabricating a bipolar tran 
sistor is disclosed, in Which a substrate is provided With tWo 
regions of shalloW trench isolation and an insulating layer 
covering the substrate. Further, three different collector lay 
ers are provided that form an electrically conductive path of 
the collector to the surface of the substrate, comprising an 
N-type collector epitaxial layer betWeen the tWo regions of 
shalloW trench isolation, a buried collector n-layer and an 
n-plug sinker. A layer structure including a conductive layer is 
formed on the insulating layer, after Which a transistor open 
ing area is etched through the conductive layer. Thereafter a 
SiGe base layer is deposited on the inner Wall of the transistor 
area opening, thereby electrically connecting the SiGe base 
layer With the conductive layer and the N-type collector epi 
taxial layer. 

It has been found that the collector of the thus manufac 
tured bipolar transistor exhibits a relatively large parasitic 
series resistance thereby reducing the performance of the 
bipolar transistor, such as the frequency response. Another 
disadvantage is the need for a stack of layers to create a 
transistor opening area in Which the bipolar transistor is 
formed, Which increases the number of fabrication steps and 
hence the fabrication costs. 

It is an object of the invention to provide a method for 
fabricating a bipolar transistor With a reduced collector series 
resistance. According to the invention, this object is achieved 
by providing a method for fabricating a bipolar transistor as 
claimed in claim 1. 

This fabrication method provides a collector region, Which 
is unitary because it is composed of only one semiconductor 
material and manufactured in one fabrication step. The uni 
tary collector region achieves a shorter electrically conduc 
tive path of the collector region, resulting in a reduced col 
lector series resistance, Which has a positive impact on the 
high frequency performance of the bipolar transistor. Another 
advantage is that the collector region is formed With a reduced 
number of fabrication steps. Another advantage of the inven 
tion is that the standard CMOS shalloW trench isolation is 
used to form the transistor opening area for the bipolar tran 
sistor, thereby reducing the number of fabrication steps. 

In a ?rst embodiment of the invention, an electrical con 
nection to the collector region may be formed on a selected 
portion of the collector region on a top surface of a protrusion, 
Which is advantageous because a direct electrical connection 
to the unitary collector region is established Without the need 
for an additional fabrication step, such as an implant. 

In an embodiment, a base region of a third semiconductor 
material is formed having a ?rst part Which covers a selected 
portion of the exposed collector region on the bottom of the 
trench, a second part Which at least extends over a portion of 
the insulation region and a third part Which covers the ?rst 
sideWall of the trench. The advantage of this fabrication 
method is that the base region is a unitary region Wherein a 
base to collector junction is fabricated above the bottom of the 
trench While simultaneously providing an electrically con 
ductive connection to the base region on a selected portion of 
the second part of the base region, Whereas in the prior art 
more than one layer and more than one fabrication step is 
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2 
needed to fabricate the base region. Another advantage is that 
the base to collector capacitance is limited to the ?rst part of 
the base region only. 

In another embodiment the collector region may be created 
With an epitaxial groWth, Which forms a semiconductor 
region on the exposed semiconductor regions only. An advan 
tage of this method is that it forms the collector region fully 
self-aligned. Another advantage is that this method adds a 
degree of freedom to optimiZe the collector pro?le by adding 
one or more dopants during the epitaxial groWth of the col 
lector region. 

In an embodiment a fabrication method is disclosed in 
Which the semiconductor material of the collector region is 
partly replaced by a metal layer thereby advantageously 
reducing the collector resistance. 
The bipolar transistor fabricated according to the inven 

tion, has a unitary collector region, Which simultaneously 
provides the collector needed for the bipolar transistor and an 
electrically conductive connection to a collector contact, a 
base region, Which simultaneously provides the base needed 
for the bipolar transistor and an electrically conductive con 
nection to a base contact, and an emitter region Which simul 
taneously provides the emitter needed for the bipolar transis 
tor and an electrically conductive connection to an emitter 
contact. The unitary collector region improves the high fre 
quency performance of the bipolar transistor With respect to 
the implanted collector regions of the prior art, because of the 
reduced collector series resistance. 

These and other aspects of the invention Will be further 
elucidated and described With reference to the draWings, in 
Which: 

FIGS. 1-5 illustrate various stages of the fabrication of a 
bipolar transistor according to an embodiment of the inven 
tion and 

FIGS. 6-9 illustrate various stages of the fabrication of a 
bipolar transistor according to another embodiment of the 
invention and 

FIGS. 10-15 illustrate various stages of the fabrication of a 
bipolar transistor according to yet another embodiment of the 
invention and 

FIGS. 16-18 illustrate various stages of the fabrication of a 
bipolar transistor according to yet another embodiment of the 
invention. 
The Figures are not draWn to scale. In general, identical 

components are denoted by the same reference numerals in 
the Figures. 

FIG. 1 illustrates an initial structure comprising a silicon 
substrate 1 provided With tWo shalloW trench isolation 
regions 2 and 3 that are fabricated using standard CMOS 
fabrication techniques. The shalloW trench isolation regions 2 
and 3 may comprise silicon dioxide or any other insulating 
material. 

Thereafter, as is illustrated in FIG. 2, a resist layer 99 is 
formed and photolithographic techniques are applied to form 
a transistor opening area 98, exposing a portion of the shalloW 
trench isolation region 2 and a portion of the silicon substrate 
1. The exposed portion of the shalloW trench isolation region 
2 is etched selectively With respect to the silicon substrate 1. 
NoW a trench 4 and a protrusion 5 are formed, the protrusion 
5 comprising the silicon substrate 1. The trench 4 has a ?rst 
sideWall adjoining the shalloW trench isolation region 2, a 
second sideWall adjoining the protrusion 5 and a bottom that 
exposes the silicon substrate 1. 

After the removal of the resist layer 99, an epitaxial groWth 
forms a silicon layer on the exposed silicon regions only, 
thereby forming a collector region 6, as is illustrated in FIG. 
3. This fabrication step forms the collector region 6 in a 
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self-aligned Way on the bottom of the trench 4, on the second 
sidewall of the trench 4 and on the top surface of the protru 
sion 5, Whereas the surfaces of the isolation regions 2 and 3 
are not covered With silicon. Subsequently insulating spacers 
7 are formed using conventional deposition and etching tech 
niques. In this case the spacers 7 are composed of L-shaped 
silicon nitride spacers and D-shaped silicon dioxide spacers, 
but any other insulating material or shape may be applied to 
form the spacers 7. 

After the forming of the spacers 7, a base region 8 is formed 
With epitaxial groWth, as is illustrated in FIG. 4. The base 
region 8 comprises a ?rst part Which covers a selected portion 
of the exposed collector region 6 on the bottom of the trench 
4, a second part Which at least extends over a portion of the 
insulation region 2 and a third part Which covers the ?rst 
sideWall of the trench 4. The base region 8 may comprise 
silicon or silicon germanium or another suitable semiconduc 
tor material. The spacers 7 de?ne an intrinsic collector region, 
Which comprises a portion of the collector region 6 on the 
bottom of the trench 4, Which portion is covered by the base 
region 8, thereby forming a base-collector junction. In the 
next steps tWo spacers 9 are formed using conventional depo 
sition and etching techniques. Also in this case the spacers 9 
are composed of L-shaped silicon nitride spacers and 
D-shaped silicon dioxide spacers, but any other insulating 
material or shape may be applied to form the spacers 9. 

Thereafter, as is illustrated in FIG. 5, an emitter region 10 
is formed by depositing a polysilicon layer, or a mono silicon 
layer. The spacers 9 de?ne an intrinsic base region, Which 
comprises a portion of the ?rst part of the base region 8, Which 
is covered by the emitter region 10. Chemical mechanical 
polishing (CMP) is applied to separate the base region 8 from 
the emitter region 10, to expose a portion of the second part of 
the base region 8, to expose a portion of the collector region 
6 on the protrusion 5 and to planariZe the surface of the 
device. The CMP fabrication step may be stopped after a 
de?ned amount of time, but also a layer may be added Which 
serves as a stopping layer. In this Way, the CMP fabrication 
step simultaneously forms an electrical connection to a por 
tion of the second part of the base region 8 and an electrical 
connection to the collector region 6 on the protrusion 5. Next, 
a collector contact 13, a base contact 11 and an emitter contact 
12 are fabricated using standard CMOS fabrication tech 
niques. The collector contact 13 is formed on the portion of 
the collector region 6 on the protrusion 5 that Was exposed 
using the CMP fabrication step, and the base contact 11 is 
formed on the portion of the second part of the base region 8 
that Was exposed using the same CMP fabrication step. 

For fabricating the bipolar transistor, as illustrated in FIGS. 
1-5, only one masking step Was used. The collector region 6, 
the base region 8, and the emitter region 10 are all formed 
self-aligned to this mask. The collector region 6 and the base 
region 8 both comprise an intrinsic and an extrinsic portion, 
the intrinsic portion being the portions Where the bipolar 
transistor action takes place, Which are the collector-base and 
the base-emitter junctions, the extrinsic portions forming 
electrically conductive connections to the respective intrinsic 
portions. The extrinsic portions introduce unWanted parasitic 
devices that reduce the performance of the intrinsic bipolar 
transistor. In this embodiment the extrinsic base and collector 
portions are formed self-aligned and in the same base, respec 
tively collector layer that form the intrinsic base and collector 
portions respectively. The collector region 6 has a relatively 
short extrinsic portion and therefore a relatively short para 
sitic resistive path. Hence a reduced collector resistance and 
an improved frequency performance of the bipolar transistor 
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4 
is achieved With respect to the prior art in Which three differ 
ent implanted collector regions de?ne the resistive path of the 
collector. 

FIGS. 6-9 illustrate fabrication steps according to another 
embodiment of the invention, Wherein photolitho graphic 
techniques are used to de?ne the collector, base and emitter 
regions. 

FIG. 6 illustrates the situation Wherein the collector region 
6 is formed, Which is fabricated in the same fashion as the 
previous embodiment. After forming the collector region 6, a 
silicon dioxide layer 21 is deposited, and, using photolitho 
graphic techniques, a WindoW is etched in the silicon dioxide 
layer 21 to expose a portion of the collector region 6 that 
covers the bottom of the trench 4, thereby de?ning an intrinsic 
portion of the collector region 6. 

Next, as illustrated in FIG. 7, a base region 22 is formed 
With epitaxial groWth, Which may comprise silicon or silicon 
germanium or another suitable semiconductor material. The 
base region 22 comprises a ?rst part Which covers the intrinsic 
portion of the collector region 6 on the bottom of the trench 4, 
a second part Which at least extends over a portion of the 
insulation region 2 and a third part Which at least extends over 
a portion of the protrusion 5. Thereafter a dielectric layer 23 
is deposited on the base region 22. The dielectric layer 23 may 
comprise silicon dioxide, silicon nitride or any other insulat 
ing material or a combination thereof. 

Subsequently, as is illustrated in FIG. 8, using photolitho 
graphic techniques, a WindoW is etched in the dielectric layer 
23 to expose a portion of the ?rst part of the base region 22, 
thereby de?ning an intrinsic portion of the base region 22. 
Next an emitter region 24 is formed by deposition and sub 
sequent patterning of a polysilicon layer, thereby forming a 
base-emitter junction. 

Thereafter a portion of the third part of the base region 22 
is removed by using photolithography and etching, as is illus 
trated in FIG. 9. In this Way a portion of the collector region 
6 on the top surface of the protrusion 5 is exposed for making 
a collector contact by etching through the silicon dioxide 
layer 21. Next, a collector contact 25, a base contact 26 and an 
emitter contact 27 are fabricated using standard CMOS fab 
rication techniques. The collector contact 25 is formed on the 
exposed portion of the collector region 6 on the protrusion 5, 
and the base contact 26 is formed on a portion of the second 
part of the base region 22. 

In this embodiment the intrinsic base and collector portions 
are formed With photolithographic techniques, Whereas the 
previous embodiment the intrinsic base and collector portions 
are formed in a self-aligned Way. In both embodiments the 
intrinsic base and collector portions and the extrinsic base and 
collector portions are formed in the same base, respectively 
collector layer. 

FIGS. 10-15 illustrate fabrication steps according to 
another embodiment of the invention, Wherein a CMOS poly 
silicon gate is used to fabricate the bipolar transistor. 

In this embodiment, as is illustrated in FIG. 10, a silicon 
substrate 41 is provided With tWo shalloW trench isolation 
regions 42 and 43, a stack comprising a gate oxide layer 31, a 
polysilicon layer 32, Which serves as the gate electrode in the 
CMOS part, and a hard mask 33, Which comprises silicon 
dioxide, silicon nitride or a combination thereof. 
As is illustrated in FIG. 11, a WindoW is formed in the hard 

mask thereby de?ning the region Where the bipolar transistor 
is fabricated. Thereafter the polysilicon layer 32 is etched 
isotropically, thereby removing the polysilicon layer 32 that 
covers the top surface of the substrate and a portion of the top 
surface of the shalloW trench isolation regions 42 and 43 and 
exposing sideWalls of the polysilicon layer 32. Next, the 
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exposed gate oxide layer 31 is removed With a Wet etch 
comprising for example a HF-based etch solution, thereby 
exposing the silicon substrate 1 and the shallow trench isola 
tion regions 2 and 3. Subsequently a trench 44 and a protru 
sion 45 are formed by etching the silicon substrate 41 With a 
combination of an anisotropic and an isotropic etching step to 
obtain under etching of the silicon substrate 41 beneath the 
hard mask 33. The trench 44 has a ?rst sideWall adjoining the 
shalloW trench isolation region 42, and a second sideWall 
adjoining the protrusion 45 and a bottom that exposes the 
substrate 41. 

Next, as is illustrated in FIG. 12, an epitaxial groWth forms 
a silicon layer on the exposed silicon substrate 41 and poly 
silicon layer 32 only, thereby forming a collector region 34 
and tWo silicon regions 35. This fabrication step forms the 
collector region 34 in a self-aligned Way on the bottom of the 
trench 44, on the second sideWall of the trench 44 and on the 
top surface of the protrusion 45. The silicon regions 35 cover 
the exposed sideWalls of the polysilicon layer 32 completely, 
thereby ?lling the space betWeen the hard mask 33 and the 
shalloW trench isolation regions 42 and 43. Subsequently 
insulating spacers 36 are formed using conventional deposi 
tion and etching techniques. The spacers 36 cover the ?rst 
sideWall of the trench 44 and a portion of the collector region 
34 that covers the second sideWall of the trench 44. The space 
betWeen the hard mask 33 and the shalloW trench isolation 
region 42 is not ?lled With the dielectric material of the 
spacers 36, Which may be obtained by forming the spacers 36 
With a deposition of a dielectric material Which has a poor step 
coverage, or by forming the spacers 36 With a thermally 
groWn silicon dioxide. 

Thereafter, as is illustrated in FIG. 13, a base region 38 is 
formed With epitaxial groWth, thereby ?lling the space 
betWeen the hard mask 33 and the shalloW trench isolation 
region 42, covering the spacers 36, covering the exposed 
collector region 34 that is on the bottom of the trench 44 and 
covering the exposed regions of the hard mask 33. The base 
region 38 may comprise silicon or silicon germanium or 
another suitable semiconductor material. The spacers 36 
de?ne an intrinsic collector region, Which comprises a portion 
of the collector region 34 on the bottom of the trench 34, 
Which portion is covered by the base region 38, thereby form 
ing a base-collector junction. Subsequently, tWo spacers 37 
are formed using conventional deposition and etching tech 
niques. The spacers 37 may comprise silicon dioxide or any 
other dielectric material that may be used for spacer forma 
tion. 

Thereafter, as is illustrated in FIG. 14, an emitter region 39 
is formed on the exposed top surfaces by deposition of a 
polysilicon layer, folloWed by the removal of the emitter 
region 39 and the base region 38 that are covering the hard 
mask 33, using a CMP fabrication step that stops on the hard 
mask 33. Thereafter, the hard mask 33 is removed using 
standard etching techniques. The spacers 37 de?ne an intrin 
sic base region, Which comprises a portion of the base region 
38 that extends on the bottom of the trench 44 Where the 
emitter region 39 is in contact With the base region 38, thereby 
forming an emitter-base junction. 

Next, as is illustrated in FIG. 15, the polysilicon regions 35 
and the polysilicon layer 32 are removed by patterning and 
etching using a CMOS polysilicon gate mask. Thereafter a 
collector contact 50, a base contact 51 and an emitter contact 
52 are fabricated using standard CMOS fabrication tech 
niques. The collector contact 50 is formed on a portion of the 
collector region 34, Which is on the protrusion 45, and the 
base contact 51 is formed on a portion of the base region 38, 
Which is on the insulation region 42. 
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6 
This embodiment advantageously uses the CMOS polysili 

con gate layer 32 to fabricate a bipolar transistor With a 
unitary base and a unitary collector region. The intrinsic base 
and collector portions are formed in a similar self-aligned 
Way as the embodiment described in FIGS. 1-5. 

FIGS. 16-18 illustrate fabrication steps according to 
another embodiment of the invention, Wherein a selective 
portion of the semiconductor material of the collector region 
is replaced by a metal layer. 
The fabrication method is identical to the method Which is 

illustrated in FIGS. 1-5, With the exception that the epitaxial 
silicon layer of the collector region 6 in this embodiment 
comprises a stack of a silicon germanium (SiGe) layer 61 and 
a silicon layer 62. Furthermore the CMP step, Which is 
applied to separate the base region 8 from the emitter region 
10, in this case exposes the SiGe layer 61, as is shoWn in FIG. 
16, and hence the exposed portion of the silicon layer 62, 
Which is on the protrusion 5, is removed by the CMP step. 

Next, as is illustrated in FIG. 17, an insulation layer is 
deposited and patterned thereby forming a masking layer 63, 
Which de?nes contact regions. Subsequently the SiGe layer 
61 is removed selectively With respect to silicon Which is 
comprised in the protrusion 5, the silicon layer 62 and the 
silicon substrate 1, thereby creating a space collector region 
64. 

Thereafter, as is illustrated in FIG. 18, the space collector 
region 64 is ?lled With tungsten thereby creating a tungsten 
collector region 65 Which has a collector resistance that is 
reduced further compared to the collector region 6, Which 
comprises silicon. Obviously it is also possible to ?ll the 
space collector region 64 With another metal. At this point the 
fabrication method continues With the method that is illus 
trated in FIG. 5 With the formation of the collector contact 13, 
the base contact 11 and the emitter contact 12. 

In summary, the invention provides a bipolar transistor 
With a reduced collector series resistance integrated in a 
trench of a standard CMOS shalloW trench isolation region. 
The bipolar transistor includes a collector region manufac 
tured in one fabrication step, therefore having a shorter con 
ductive path With a reduced collector series resistance, 
improving the high frequency performance of the bipolar 
transistor. The bipolar transistor further includes a base 
region With a ?rst part on a selected portion of the collector 
region, Which is on the bottom of the trench, and an emitter 
region on a selected portion of the ?rst part of the base region. 
A base contact electrically contacts the base region on a 
second part of the base region, Which is on an insulating 
region. The collector region is electrically contacted on top of 
a protrusion With a collector contact. 

It should be noted that the above-mentioned embodiments 
illustrate rather than limit the invention, and that those skilled 
in the art Will be able to design many alternative embodiments 
Without departing from the scope of the appended claims. In 
the claims, any reference signs placed betWeen parentheses 
shall not be construed as limiting the claim. The Word “com 
prising” does not exclude the presence of other elements or 
steps than those listed in a claim. The Word “a” or “an” 
preceding an element does not exclude the presence of a 
plurality of such elements. 

The invention claimed is: 
1. A method for fabricating a bipolar transistor, the method 

comprising the steps of: 
providing a semiconductor substrate With an insulation 

region of a ?rst insulating material adjoining a trench, 
said trench adjoining a protrusion of a ?rst semiconduc 
tor material and comprising a ?rst sideWall adjoining the 
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insulation region, a bottom exposing the semiconductor 
substrate and a second sidewall adjoining the protrusion, 
and 

forming a collector region of the bipolar transistor of a 
second semiconductor material on the bottom and the 
second sideWall of the trench and on a top surface of the 
protrusion. 

2. The method as claimed in claim 1, further comprising the 
step of forming an electrical connection to a selected portion 
of the collector region on the top surface of the protrusion. 

3. The method as claimed in claim 1, further comprising the 
step of forming a base region of the bipolar transistor of a third 
semiconductor material having a ?rst part Which covers a 
selected portion of the exposed collector region on the bottom 
of the trench, a second part Which at least extends over a 
portion of the insulation region and a third part Which covers 
the ?rst sideWall of the trench. 

4. The method as claimed in claim 3, further comprising the 
step of forming an emitter region of the bipolar transistor of a 
fourth semiconductor material Which covers a selected por 
tion of the ?rst part of the base region. 

5. The method as claimed in claim 1, Wherein the collector 
region is formed With an epitaxial groWth. 

6. The method as claimed in claim 3, Wherein the base 
region is formed With an epitaxial groWth. 

7. The method as claimed in claim 3, further comprising the 
step of forming an electrical connection to a portion of the 
second part of the base region. 

8. A bipolar transistor, comprising: 
a semiconductor substrate With an insulation region of a 

?rst insulating material adjoining a trench, said trench 
adjoining a protrusion of a ?rst semiconductor material 
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8 
and comprising a ?rst sideWall adjoining the insulation 
region, a bottom exposing the semiconductor substrate 
and a second sideWall adjoining the protrusion, 

a collector region of an electrically conducting material 
extending on the bottom and the second sideWall of the 
trench and on the top surface of the protrusion, 

a base region of a third semiconductor material having a 
?rst part Which covers a selected portion of the exposed 
collector region on the bottom of the trench, a second 
part Which at least extends over a portion of the insula 
tion region and a third part Which covers the ?rst side 
Wall of the trench, and 

an emitter region of a fourth semiconductor material con 
tacting the base region on a selected portion of the ?rst 
part of the base region. 

9. A bipolar transistor as claimed in claim 8, further com 
prising: 

a collector contact on the top surface of the protrusion 
electrically connected to the collector region, 

a base contact on the insulation region electrically con 
nected to the base region, and 

an emitter contact electrically connected to the emitter 
region. 

10. The method as claimed in claim 4, further comprising 
25 the steps of: 

removing a selective portion of the second semiconductor 
layer thereby creating a space collector region, and 

?lling the space collector region With a metal layer. 
11. The method as claimed in claim 10, Wherein the metal 

30 layer comprises tungsten. 


